Children are seldom accounted for in household behavioural models. They are usually assumed to have neither the capacity nor the power to influence the household decision process. The literature on collective models has so far incorporated children through the "caring preferences" of their parents or has treated them as household public goods [Bourguignon (1999); Blundell et al. (2005) ]. This paper seeks to determine whether children of a certain age are decision-makers. We focus on the decision-making process within households composed of two adults and one child of at least 16 years of age. We first summarize the main restrictions that have been proposed to test the collective model in the context of multiple decision-makers [Chiappori and Ekeland (2006) ]. We also show how a minimal number of decision-makers can be inferred from parametric constraints. Second, we apply these tests on data drawn from a series of U.K. Family Expenditure Surveys. Our results show clear evidence that it may be incorrect to assume that daughters and children aged between 16 and 21 are not full members influencing the household decision-making process.
Introduction
Children are seldom accounted for in household behavioural models. At best, they are considered bystanders assumed not to have the capacity nor the power to influence the household decision process. This is not really surprising since until recently households were assumed to act as if their members maximized a unique utility function under the household budget constraint. This so-called unitary model has been forcefully challenged in the last two decades both on theoretical and empirical grounds. At the theoretical level, the unitary model has been challenged for its failure to acknowledge methodological individualism, which is a fundamental tenet of microeconomic theory. Because "it is necessary to base all accounts of economic interaction on individual behaviour" [Arrow (1994) ], each member's preferences should indeed be explicitly taken into account. At the empirical level, the restrictions of the unitary model have been widely tested and generally rejected [e.g., Fortin and Lacroix (1997) ; Hoddinott et al. (1997)] .
The collective household model has been proposed partly in response to the dissatisfaction with the unitary model. The former simply assumes that the family decision process, whatever its exact nature, leads to Pareto efficient outcomes. One interesting feature of the collective model is that it does not require the specification of the bargaining process. Evidently, the generality of the efficiency assumption comes at a price: the model is not very informative about which variables, other than those in the budget constraint, may influence the decision process. In particular, the model is totally silent as to the role children may play in the process. The literature on the collective model has so far incorporated children through the "caring preferences" of their parents or has treated them as household public goods [Bourguignon (1999) ; Blundell et al. (2005)] . 1 Yet every parent knows that children, even at a very early age, have their own preferences over consumption and their parents' labour supply. In an experiment, Harbaugh et al. (2001) found that "at age 7 children's choices about consumption goods show clear evidence of rationality, though also many inconsistencies. By age 11, choices by children [...] are as rational as choices by adults". Harbaugh et al. (2003) further showed in another experiment that children display good bargaining skills as early as 7 years of age. Naturally, one may object to the inclusion of young children as decision-makers on several grounds. Within a bargaining framework, the child's threat point could correspond to his level of well-being in a non-cooperating equilibrium with his parents. Parents could then resort to punishment to reduce their child's bargaining power or to make it non existent. 2 One could also argue that the bargaining power of young children is so low and their preferences "defined" over such a limited subset of goods that it is pointless to treat them as economic agents. Yet the relevance of modelling the decision power of older children cannot be discarded so easily. As children grow up, they gradually become more autonomous. Their autonomy eventually leads to the possibility of earning income and, later on, of becoming fully independent at the legal age of majority. Therefore the well-being that a child can attain in a non-cooperative equilibrium might improve as he grows up and so should his bargaining position. Whether and at which age children should be considered as economic agents in household consumption and labour decisions is thus an empirical issue.
Conceiving family decisions as the result of a process involving parents only, when they truly stem from a process involving all family members, is undesirable for at least three reasons. First, it might offer deficient explanations of some very important economic issues such as investment in post-secondary education, child labour and food allocation within poor households. 3 Second, it might lead to incorrect intra-household welfare analysis. Consider for example an increase in the minimum wage. If adolescents are not treated as decisionmakers, one would predict the change to have no intra-household welfare effect if both parents are earning a higher wage and the adolescent is not working. Conversely, if adolescents do take part in the decision process, the same policy change might increase their bargaining power and thus have intra-household welfare effects. Any social policy that is conditional upon the household living arrangements is likely to have welfare effects. Taking into account the number of decision-makers in a household and anticipating the response of recipients and non-recipients alike is very important for any policy that targets specific individuals. Third, it may lead to inefficient estimates of the parameters of the household demand system. As we will see, the nature of the restrictions imposed on this system depends on the number of decision-makers.
The objective of this paper is not to provide a general answer to the question of the age at which children become decision-makers. Rather, we more modestly focus on determining whether children of a certain age are decision-makers. We focus on the decision-making process within households composed of two adults and one child who is at least 16 years of age. This threshold corresponds to the age at which a child can start working a significant number of hours and thus earn a sizeable income. Obviously, if children of that age are found not to have significant decision power, then younger children are even more likely to be bystanders in the household. Our analysis is limited to household consumption decisions; we do not address household labour supply decisions. The collective model is particularly well suited to our needs for two reasons. First, most studies have found the collective model to be supported by data in many circumstances [see Vermeulen (2002) and Chiappori and Donni (2006) for recent surveys]. Second, under reasonable assumptions the model provides information on the number of decision-makers within the household. In particular, it can be shown that if a household demand system is found to satisfy certain rank conditions, it is consistent with there being at least a given number of decision-makers. Therefore the model provides testable sufficient conditions under which all members (including the child) are decision-makers in a three-member household.
The paper is structured as follows. First, we summarize the main restrictions that have been proposed to test the collective model in the context of multiple decision-makers [Chiappori and Ekeland (2006) ]. We also show how a minimal number of decision-makers can be inferred from parametric constraints. Second, we apply these tests on a sample drawn from a series of cross-sectional data from the U.K. Family Expenditure Survey (FES). The sample is composed of couples living with a single child with positive earnings. We estimate a Quadratic Almost Ideal Demand System [see Banks et al. (1997) ] similar to that of Browning and Chiappori (1998) but extend their test procedure to apply to households comprising three members, each one considered as a potential decision-maker. 4 Since living with his parents may be a choice for a child aged over 15, the family composition is likely endogenous [e.g., Rosenzweig and Wolpin (1993) ; Card and Lemieux (2000) ]. Therefore the estimates and the inference may suffer from a selectivity bias. We conjecture that this is more likely for households with older children. We therefore provide separate estimates for households with children aged between 16 and 21 and for those with children aged 22 and older. We also investigate whether daughters and sons differ in terms of their bargaining power and thus stratify the sample by the child's gender.
Our results indicate that daughters and children aged between 16 and 21 are definitely decision-makers. The evidence is less convincing for children aged 22 and older and is simply inconclusive for sons. Along with Moehling (2005) , these results are amongst the first to provide theoretically consistent evidence that children play an active role in household consumption or labour choices. Our results also contribute to the scant literature that focuses on testing the collective model with multiple decision-makers [see Rangel (2004) and Dauphin et al. (2006) ].
The Theoretical Framework
Our theoretical approach is based on the collective model developed in Browning and Chiappori (1998) (hereafter BC1998) and generalized by Chiappori and Ekeland (2006) . 5 Consider a household comprising S + 1 (S ≥ 0) members, where S is predetermined. Let x i represent the vector of goods privately consumed by member i and X the vector of goods publicly consumed within the household. The household faces an exogenous price vector π and its budget constraint is given by:
where m represents total expenditures, assumed exogenous. In its most general form, the collective model then posit the following two axioms.
Axiom 1 Each member i, i = 1, . . . , S + 1, has his own preferences over the goods consumed in the household.
We impose no restrictions on the nature of the preferences. We allow for egoism, X) ), altruism and externalities, U i (x 1 , ..., x S+1 , X), and other type of preference interactions. We assume that the utility functions are strongly concave, twice differentiable, and strictly increasing in (x i , X).
Axiom 2
The decision-making process leads to Pareto-efficient choices. In other words, for any price vector π and total expenditures m, the consumption vector [x 1 , ..., x S+1 , X] chosen by the household members is such that 4 Recently, tests of individual rationality have been extended to nonparametric demand systems [e.g., Lewbel (1995) , Haag et al. (2007) ]. These tests focus on the symmetry of the Slutsky matrix that is implied by the single decision-maker model. However, they have yet to be generalized to the case of collective rationality within multi-decision-makers households. See also Cherchye et al. (2007) and Vermeulen et al. (Forthcoming) for a revealed preference nonparametric approach applied to the collective framework. While this approach is promising, it still ignores problems such as endogeneity of expenditures and unobserved heterogeneity. Moreover, testing nonparametric conditions for collective rationality may be a computationally difficult problem in particular cases [Deb (2007) ] 5 We ignore domestic production and intertemporal choices. See Chiappori and Ekeland (2006) and Mazzocco (2007) for an analysis of these two issues, respectively. no other vector [x 1 , ..., x S+1 , X] that satisfies the condition π S+1 i=1 x i + X = m can make all members at least better off and one of them strictly better off.
These two assumptions are referred to as "collective rationality" in the literature. From axioms 1 and 2, it is clear that the outcomes depend upon preferences, income and prices. The collective model also allows factors that may contribute to the bargaining power of the household members -the "Extra-household Environmental Parameters" (EEPs) in the terminology of McElroy (1990) -to affect the outcomes. Formally:
Axiom 3
The decision process depends on K distribution factors y ≡ [y 1 , . . . , y K ] that are independent of individual preferences and that do not modify the overall household's budget constraint.
There are several examples of distribution factors in the literature: divorce-related legislation, the relative proportion of men and women on the marriage market [Chiappori et al. (2002) ], and the relative income shares of the household's members [(BC1998)].
The three axioms imply that there exist S + 1 scalar functions
, X] is the solution to the following program:
subject to
Each function µ i (π, m, y) is assumed to be twice continuously differentiable and zero-homogeneous in π and m (no money illusion). The variable µ i represents the Pareto weight associated with the preferences of member i and can be interpreted as the importance attached to them in the household decision process. If the Pareto weight of a member is equal to zero, it is as if the household is not taking into account his preferences in the decision process, unless someone with a positive Pareto weight is "caring" for him. Thus, it is as if the member has no decision power. The S + 1 Pareto weights can therefore be viewed as the distribution of decision power within the household and the number of positive Pareto weights as the number of members with decision power. We will refer to the members with decision power as decision-makers for short. In our framework, each member is a potential decision-maker. Unlike Bourguignon (1999) and Blundell et al. (2005) , we do not assume a priori the Pareto weights of children to be zero. The Pareto weights may depend not only on distribution factors, but also on prices 6 and total expenditure since these may influence the distribution of the bargaining power within the household.
The collective model does not provide information on the distribution factors that influence each member's decision power. Bargaining theory, on the other hand, suggests that a member's bargaining power is related to his outside option [e.g., McElroy and Horney (1981) ]. In our particular framework, adolescents may threaten to leave the house against their parent's will. Of course the option is more credible if the child has the potential to earn enough income. In most developed countries employers are prohibited from hiring children under the age of 16 during school hours since school attendance is compulsory. 7 In developing countries, child labour is much more pervasive. 8 As suggested by Bergstrom (1996) , leaving the family nest may be considered as the ultimate threat. An intermediate threat point could simply be non-cooperation as is often assumed in some bargaining models [e.g., Lundberg and Pollak (1993) , Chen and Woolley (2001) ]. Irrespective of which strategy grown-ups may turn to when negotiating with their parents, common sense would suggest that earnings potential may be a good proxy for their bargaining power. This will be investigated thoroughly when testing the model empirically.
The solution to program (P) can be derived in two steps. 9 First, the budget constraint and the utility functions determine the household's Pareto frontier. Axiom 2 implies that the outcome of the decision process is located on this Pareto frontier. Second, the vector µ (π, m, y) ≡ [µ 1 (π, m, y) , . . . , µ S+1 (π, m, y)] of Pareto weights determines the location along the frontier. Let the vector of Marshallian aggregate household demands obtained by solving (P) for given values of the weights µ be denoted asξ(π, m, µ). Upon substituting the Pareto weights the demand system can be written as:ξ (π, µ(π, y)), where income, m, has been normalized to 1 and removed from the function to simplify the notation. Unfortunately, these structural demands are unobservable because the Pareto weights are themselves unobservable. Only their reduced form ξ(π, y) are observable. A fundamental question raised by the collective model is the following: given the identity ξ(π, y) ≡ξ (π, µ(π, y)) , does collective rationality impose any falsifiable restrictions on the observed behaviour of the household? The recent literature [e.g., BC1998, Chiappori and Ekeland (2006) ] has shown that even when no constraints are placed on the nature of the goods that are consumed, the assumption of collective rationality may effectively generate testable restrictions, at least when the number of goods is larger than the number of potential decision-makers in the household. Some tests are based on price variations, others on distribution factor variations, some on both. We briefly review these tests below and we derive their implications for the parametric demand system used in our particular context.
Tests Based on Price Variations
Collective rationality imposes parametric restrictions on the manner with which prices affect the household demand functions. The first set of restrictions can be formalized as follows: 
where Σ is a symmetric and negative matrix and R a matrix of rank at most S.
Proof : See BC1998. 10 7 In the U.K., where our sample is drawn from, the school leaving age was 16 over the sample period. 8 Interestingly, Basu and Ray (2002) study child labour within the framework of the collective model but do not allow children to have any decision-making power.
9 For notational simplicity, we have excluded from program (P) the preference variables that may or may not also affect the Pareto weights. However, these variables will be taken into account in the empirical section of the paper. 10 Chiappori and Ekeland (2006) also prove the converse proposition: If the condition SR(S) is valid (and given a number of reasonable assumptions), then there exist Pareto weights and individual utility functions such that ξ(π, y) (locally) solves the program (P).
The intuition for this result is rather straightforward. The matrix S(π, y) in Proposition 1 is in fact a "pseudo" Slutsky matrix. This is because the elements of S(π, y) no longer represents the price effects on the demand functions for a given level of household utility, as in the unitary model. In the collective framework, a price variation generates two effects. When the utility level and Pareto weights are given, a variation in prices changes the household's choices. This change satisfies the symmetry and negativity of the matrix of price effects while shifting the Pareto frontier. This effect corresponds to Σ(π, y). However, a price variation may also have an impact on the bargaining power of the household members through its effect on the Pareto weights and therefore on the location on the new Pareto frontier. This effect corresponds to R(π, y). Since there are no more than S Pareto weights that vary independently given the normalization S+1 i=1 µ i = 1, a price variation will change at most all of them, implying that the rank of R(π, y) is at most S.
One may wonder whether the SR(S) property is binding. Intuitively, we would expect that the greater the number of goods and the fewer the potential decision-makers, the more likely this restriction will be binding. It is well known that for a household with a single individual (S = 0), testing the symmetry of the Slutsky matrix requires at least three goods. More generally, the symmetry of Σ when SR(S) holds is binding only if N > 2(S + 1). Therefore when there are three potential decision-makers at least seven goods are needed to test this restriction.
The collective model's representation of households comprising several individuals underlines the fact that violation of the traditional Slutsky conditions can be attributed to the omission of the role played by bargaining power in the decision process. Furthermore, if the representation is valid, it also shows how and why this violation occurs. BC1998 have shown that an empirical test of Proposition 1 reduces to testing for the following restriction:
. Then the rank of the antisymmetric matrix M (π, y) is at most 2S.
Proof : See BC1998.
The restriction of Proposition 2 leads to a rank test on an observable matrix. 11
Tests Based on Distribution Factors
In the unitary model, distribution factors have no impact on the demand functions. In the collective model, on the other hand, distribution factors may impact them, but only in a very specific way. Let ξ(π, y) be a system of demand functions satisfying the SR(S) condition, and Θ ≡ D y ξ a matrix, the (i, k) -th element of which is
The following proposition states how the distribution factors may impact the demand functions.
11 Note that the rank of the matrix M is always even (or zero) since it is antisymmetric, that is, M = −M .
Proposition 3 (Chiappori and Ekeland (2006)) If ξ(π, y) solves the program (P) and if the number of distribution factors (K) and the number of goods (N ) are at least equal to S, then we have rank (Θ) ≤ S.
Proof : The proof is straightforward. Since ξ(π, y) ≡ξ (π, µ (π, y)), the matrix of the marginal effects of the distribution factors on the demand functions is given by Θ ≡ D y ξ(π, y) ≡ D µξ (π, µ)D y µ. Because the dimension of the matrix D y µ is S +1×K and S+1 i=1 µ i = 1, its rank is at most S. Consequently, rank (Θ) ≤ S.
Proposition 3 implies that if there are more than S distribution factors, their marginal effects on the demand functions must be linearly dependent. This is a generalization of the result obtained by Bourguignon et al. (Forthcoming) for households composed of only two potential decision-makers (S = 1). In that case, the distribution factors have proportional effects on all the demand functions.
The intuition underlying this result is as follows. The demand system depends on at most S Pareto weights that vary independently and the distribution factors only impact the demand system through the latter. Therefore, if there are fewer weights than there are distribution factors, their effects on the demands must necessarily be linearly dependent. This result has recently been extended to collective models for S > 1 by Chiappori and Ekeland (2006) . The link stems from the fact that both distribution factors and prices affect the demands through the Pareto weights.
Tests Based on Distribution Factors and Price Variations
Note that the empirical rejection of the restrictions of Propositions 3 and 4 can not necessarily be interpreted as violation of collective rationality. The restrictions could be rejected because the variable used as distribution factors to perform the tests are not true distribution factors. They could instead be preference variables, for example. Browning et al. (2006) have argued recently that the collective model does not give any guidance to distinguish empirically between distribution factors and preference variables. This has lead them to conclude that tests based on distribution factors should not be considered as tests of collective rationality. In some cases, however, simple common sense may clearly establish the distinction. Institutional arrangements (e.g., divorce laws, minimum wage, welfare programs, etc.) or the state of the marriage market can hardly feature as preference factors. Yet Chiappori et al. (2002) have found some of these variables to affect household outcomes. Conversely, one could argue that the prices of everyday consumption goods are not likely to vary sufficiently to significantly change the distribution of power within the household. Therefore, tests of collective rationality based on price effects may fail to capture the intricacies of the household bargaining process. Because neither test is flawless, we perform both.
The number of intra-household decision-makers
Under collective rationality, household consumption provides indirect information on the number of members involved in the decision-making process. Recall that the number of positive Pareto weights can be interpreted as the number of decision-makers in the household. Naturally, the Pareto weights can not be observed. According to Propositions 2 and 3, the number of positive weights can nevertheless be indirectly assessed by focusing on the number of linearly independent (compensated) price and/or distribution factor effects. These, however, will necessarily be fewer than the number of positive Pareto weights for at least four reasons. First, because the Pareto weights are normalized to sum to one, the number of linearly independent price and/or distribution factor effects is always at least inferior by one to the number of positive weights. Second, some Pareto weights might be positive, but (locally) constant. Third, some decision-makers might have identical preferences, in which case the specific effect of their Pareto weights will not be distinguishable. Fourth, the price and/or distribution factor effects on the positive Pareto weights might be (locally) linearly dependent. To acknowledge the last three possibilities, we will refer to the apparent number of decision-makers. It represents the minimal number of decision-makers consistent with the collective model. Formally, let H * + 1 stand for the true number of decision-makers and let H + 1 be the apparent number of decision-makers. We have:
Corollary 1 Based on price variations, H =rank(M )/2 and is such that H ≤ H * .
Proof : According to proposition 2, rank(M ) = 2k is consistent with collective rationality for households comprising k + 1 members and more. If there is exactly k + 1 members in the household, then each member is a decision-maker. Since households with more than k + 1 members behave no differently, the apparent number of decision-makers for these households is k + 1. Therefore, H =rank(M )/2. Furthermore, since each additional member is a potential decision-maker, households with more than k + 1 members must have at least k + 1 decision-makers, that is H ≤ H * .
Corollary 2 Based on factor distribution variations, H=rank(Θ) and is such that H ≤ H * .
Proof : Idem, using proposition 3.
We will use these results in the empirical section to test whether children are decision-makers. It must be stressed that the identity of the decision-makers is unknown when H < S. Note also that the number of apparent decision-makers could vary according to whether it is computed on the basis of the price effects (Corollary 1) or the distribution factor effects (Corollary 2). For instance, if the relative prices have no effect on the Pareto weight of a particular decision-maker, it may follow that rank(M ) < 2 rank(Θ).
Empirical Strategy
To our knowledge, the above propositions have never been tested empirically on households composed of potentially more than two decision-makers. The next section discusses the data that will be used to test the collective model and to determine the number of apparent decision makers when it is not rejected. In Section 3.2 we present the demand system and show how the propositions we intend to test translate into parametric constraints.
The Data
We use data from the annual Family Expenditure Survey covering the period 1982-1993. The survey contains a broad array of information on household expenditures on durable and nondurable goods, on the income and labour supply of members of the household, and on their socio-economic characteristics. From the annual surveys we selected a sub-sample of 2 745 families comprising three potential decision-makers, i.e., a married couple and a single child aged 16 years and over with a positive wage income. We excluded households in which one of the two spouses was not active on the labour market, was nearing retirement (men over 65 or women over 60), as well as households residing in Northern Ireland.
As with most surveys, only consumption expenditure is observable, not consumption per se. This distinction is conceptually important. Indeed, expenditure on a nondurable good at a given time is a good proxy for consumption. However, durable goods provide a flow of services that are consumed over a period of time. Consequently, expenditure on durable goods are an unsatisfactory measure of their consumption. We thus assume that the distinction between a nondurable and a durable good can be made unambiguously. We also assume that the utility function is weakly separable between durable and nondurable goods. Hence consumption of nondurable goods depend solely on the household's total income net of expenditures on durable goods. The assumption of separability, while restrictive, is common in the literature [see Banks et al. (1997) ]. In addition, we condition the demand equations on home and car ownership to test a certain form of separability between durable and nondurable goods as shown below.
The demand system we estimate comprises 11 categories of nondurable goods: food, restaurant meals, alcohol, tobacco, services, leisure, heating, transportation, clothing, recreational goods, and personal goods. With respect to the theoretical model, our demand system is thus characterized by S = 2 and N = 11. Prices are measured monthly at the country level, yielding 144 (12 years × 12 months) different prices for each good.
Testing Proposition 3 in this context requires observing at least three distribution factors. Given the composition of households, and in light of the fact that the demand system is conditioned on total expenditure on nondurable goods, we can construct three distribution factors from individual incomes. Following BC1998, we use the log of the husband's gross income, log(Y H ), the difference between the log of the wife and the husband's income, ∆ log(Y W H ), and the difference between the log of the child's and the father's income, ∆ log(Y CH ). 12 Of course, these variables need to be used cautiously since their validity as distribution factors depends on the assumption of separability. Nonetheless, they may have a significant impact on the decision-making process at the household level for given total expenditures on nondurable goods. Other factors could eventually be included in the analysis (e.g. sex ratio, divorce laws, minimum wage, age at which a youngster can drive a car, youth unemployment rate,...). For the time being, and given data constraints, the analysis is limited to the above distribution factors. Table 1 presents the descriptive statistics of our sample. These statistics are compiled for all the years from 1982 to 1993. Since we omit durable goods, it is not surprising that the largest shares relate to food, recreational goods, and clothing. Moreover, the distribution factors suggest a significant gap between the spouses' income on one hand, and between the father's and the child's income, on the other. Other variables in the table reveal that the majority of households have a car (83.2%) and about half own a house (48.9%). Finally, the spouses' education levels are similar, while the children are slightly less educated presumably because of their age.
The Empirical Model
To implement the empirical tests, we estimate a Quadratic Almost Ideal Demand System (QUAIDS) as proposed by Banks et al. (1997) and used by BC1998. The QUAIDS system has the advantage of being a flexible functional form that accommodates quadratic nonlinearities in the Engel curves. More specifically, it is a rank three demand system in the sense of Lewbel (1991) . Also, it has been validated empirically on many occasions [e.g., Banks et al. (1997) , Blundell and Robin (1999) , Browning et al. (2007) ]. In particular, standard tests of Slutsky symmetry in single-person utility maximizing models perform reasonably well when using QUAIDS as compared with alternative nonparametric tests [Haag et al. (2007) ].
The budget shares are written as:
where α, β and λ are (N × 1) vectors of parameters, Θ and Γ are (N × K) and (N × N ) matrices of parameters, respectively, y is a (K × 1) vector of distribution factors, p is an (N × 1) vector of log prices, ln(m) is the log of the household's total expenditure on nondurable goods, and υ is a vector of error terms. The price indexes a(p) and b(p) are defined as:
Additivity implies that α e = 1, Θ e = 0 and β e = λ e = Γe = 0, where e is an N -dimensional unit vector. Homogeneity implies Γ e = 0. In practice, additivity necessarily obtains owing to the construction of the data in terms of budget shares. Thus we estimate a system of 10 equations rather than 11 by arbitrarily eliminating one equation from the system (heating). The parameters of the omitted equation are obtained by substitution into the budget constraint. To simplify notation, we let N = 10 in what follows. We impose homogeneity by substituting relative prices for absolute prices (we divide them all by the price of heating, the reference price). In equation (3), the distribution factors are introduced so as to only impact the constants in the share equations. The Pseudo-Slutsky matrix is given by:
through the functions a(p) and b(p). More precisely, we write:
where the functions α(z) and β(z) are linear in z, a vector of control variables. The vector z includes a series of dummy variables (nine regional variables, three seasonal dummies, car and home ownership). Preliminary estimations revealed that the variables for education and age were never significant, possibly owing to the homogeneity of the sample. The linearity of the QUAIDS demand system (3) is conditional on the terms a(p) and b(p). Consequently, it can be directly estimated using iterated ordinary least squares as proposed by Blundell and Robin (1999) . The approach consists in estimating the demand system by OLS, conditional on a given set of initial parameter values Γ 0 and α 0 that are substituted into in a(p) and b(p). The conditional OLS parameters Γ 1 and α 1 are next substituted in a(p) and b(p) and a new set of conditional OLS parameters Γ 2 and α 2 are estimated. The process is repeated until the conditional OLS parameters Γ i+1 and α i+1 are equal to those of the previous round, i.e. Γ i and α i .
To account for the possibility that the log of total expenditure on nondurable goods is endogenous, we include the residuals of an auxiliary regression of the log of total expenditure on a set of instruments into the QUAIDS specification in (3). 13 Conditional on this additional regressor, the so-called control function, the expenditure variable is exogenous. In this approach, the error term υ can be written as the orthogonal decomposition
Testing ρ = 0 is equivalent to a test for the exogeneity of the log of total expenditure on nondurables. 14
Estimation Results
The main purpose of the paper is to investigate the extent to which adolescent and older children exert some influence on household consumption choices. The empirical strategy must necessarily rest on a sample of households in which children interact with their parents. It could be argued that the household composition is precisely determined by the relative bargaining power of its members. In other words, children who live with their parents may do so precisely because their bargaining power is strong. Those who did not enjoy such an enviable situation may have left the family nest. In statistical terminology, our sample may suffer from self-selection problems. 15 In our particular framework the direction of the bias is ambiguous however. Some children may have left the 13 After some experimentation, and following Banks et al. (1997) , we chose not to include a residual generated by a regression of the square of expenditure on the instruments as an additional variable.
14 We also tested the exogeneity of the distribution factors using the same approach. The exogeneity of each distribution factor could not be rejected in nearly every demand equation. These results are not reported for the sake of brevity but are available upon request. 15 Note that this problem applies equally well to unitary and non-unitary models because the analysis is always carried out conditionally on household composition. The same problem arises when studying couples because the decision to marry or to divorce is also endogenous in most models. The same criticism may be addressed at all the tests of the collective model that have been conducted so far in the literature.
family nest because they enjoyed a good outside option. Others may have left because their parents had a very good threat point. Excluding children from the former group will underestimate the decision-making power of children. Excluding children from the latter group will overestimate the bargaining position of children. We investigate this issue by stratifying our sample into two groups. 16 The first includes households in which the child is aged between 16 and 21 years. The second includes children that are at least 22 years of age. Since the probability of leaving the family nest is lower for the younger group, this sample is less likely to suffer from selectivity bias.
The parameter estimates of the demand system for the complete sample are presented in Table 2 . The first panel of the table reports the parameter estimates of the distribution factors (Θ). The second panel focuses on the price variables (Γ). The regression also includes a series of control variables, z, which includes dummy variables for home and car ownership, 9 regional dummy variables, and 3 seasonal dummy variables, and that are not reported for the sake of brevity. Each distribution factor has a significant impact on at least two demand equations. For instance, an increase in the husband's income (log Y H ) translates into more being spent on food and less on recreational goods. Likewise, as the wife's income increases relative to that of her husband (∆ log(Y W H )) more is spent on food and less on leisure goods. Finally, as the children's income increase relative to their father's (∆ log(Y CH )), more is spent on tobacco and less is spent on recreational goods.
The second panel of the table shows that most parameters of the prices variables are statistically significant. 17 Except for the Transportation equation, all the own-price parameter estimates that are significant are negative as expected.
The last panel of the table reports two specification tests. The first line concerns the exogeneity of total expenditure. As mentioned before the residuals from an auxiliary regression of total expenditure on a series of instrumental variables are included as an explanatory variable. 18 The parameter estimates are statistically different from zero in all but one equation (Transportation), thus rejecting the exogeneity assumption. The second line of the panel reports the χ 2 statistics of the joint test of the validity of instruments and of the over-identifying restrictions. According to the table neither hypotheses can be rejected.
Tables 4-7 in appendix report the parameter estimates for the samples of households whose child is female, male, aged between 16-21, and aged 22 and over, respectively. The estimates of the price variables are relatively similar across the tables. The main differences relate to the parameter estimates of the distribution factors. The relative income of daughters (Table 4 ) increases the consumption of tobacco products but no such effect are found in the sample of sons (Table 5 ). Interestingly we find that an increase in the wife's relative income increases the consumption of alcohol when the child is female. Conversely, when the child is male the father's relative income decreases the consumption of alcohol. Perhaps surprisingly, the relative income of the sons has a negative and significant impact on the consumption of recreational goods. A similar result holds for the samples of daughters and both age groups, although the parameter estimate is only statistically significant at 15% for daughters and the children aged 22 and over. The parameter estimates of the price effects are simply too numerous to make any worthwhile inference. Systematic differences can only be ascertained through formal statistical tests. 16 We could not introduce a correction for this selection bias since we have no information on children who left their parents in our sample. 17 Preliminary estimates revealed that the assumption of homogeneity cannot be rejected. 18 In addition to the explanatory variables and the distribution factors, the instrumental variables are: age, age 2 , age 3 , education, education 2 , education 3 of both spouses, a yearly trend, and the log of the price index. 16,279 † The first line reports the parameter estimates of the residuals from an auxiliary regression of total expenditures on a series of instrumental variables. The second line reports the χ 2 statistics of the over-identification test of the instrumental variables.
Testing the collective model and determining the number of decision-makers
Propositions 2 and 3 provide two independent tests of the collective model. The former is based upon the price effects, Γ, while the latter distribution factor effects, Θ. In testing the rank of these matrices, we follow a sequential approach. In the context of Proposition 2, we first start by testing H 0 : rank(M ) = 0. If the null hypothesis is rejected, we test for H 0 : rank(M ) = 2. 19 If this null hypothesis is again rejected we move on and test for H 0 : rank(M ) = 4. If all three ranks are rejected, we reject collective rationality since S = 2. Otherwise, we do not reject collective rationality. We proceed in a similar fashion with Proposition 3. In the event that the collective model is not rejected by either sets of tests, Proposition 4 can be verified. As mentioned earlier, nothing precludes inconsistencies between the sets of tests. If collective rationality is not rejected on the basis of one with the propositions, then we can assess the number of apparent decision-makers based on the corollary associated to the proposition. For instance, if rank(M ) = 2 was not rejected, then we could conclude from the Corollary 1 that the data is consistent with two apparent decision-makers, or put differently, with at least two decision-makers. Each step of the sequential procedure could alternatively be interpreted as a joint test of collective rationality and the number of apparent decision-makers. Testing for rank(M ) = 0 indeed amounts to testing for the collective model with one apparent decision-maker, that is for the unitary model, while testing for rank(M ) = 2 is equivalent to testing for the collective model with two apparent decision-makers, and so on. If the collective model is rejected for the highest possible number of apparent decision-makers, then the collective model is rejected. We use the second interpretation in the presentation of our results.
Tests based on price variations
Testing the rank of M ≡ S − S is a relatively demanding task. Fortunately, in the context of the QUAIDS specification, it can be shown that S − S reduces to Γ − Γ under collective rationality [BC1998. Therefore our strategy consists in testing sequentially the following null assumption for H = 0, 1, 2:
where M = Γ − Γ . Let us study each step in turn.
• rank(M ) = 0 (Unitary model or collective model with one apparent decision-maker).
Testing that the antisymmetric matrix M has rank 0 is equivalent to testing the symmetry of the matrix Γ. Recall that the matrix Γ is (10×10). There are thus 10×(10−1)/2 = 45 linear constraints that must be satisfied.
• rank(M ) = 2 (Collective model with two apparent decision-makers).
Because the matrix M is antisymmetric, all the elements on its main diagonal are zero. BC1998 exploit this property and have shown (their Lemma 3) that this is equivalent to testing that for all (i, k) such that k > i > 2 the following equalities hold (assuming without loss of generality that m 12 = 0):
where m ik is the ik th element of M . Under rank(M ) = 2, as many as 28 constraints must be satisfied.
• rank(M ) = 4 (Collective model with three decision-makers).
As above, let M = {m ik }, i, k = 1, . . . , 10. Without loss of generality, assume further that: The denominator of the last expression corresponds to the square root of |M 4×4 |. Under rank(M ) = 4, 15 m ik constraints must be satisfied. Simple Wald tests can be computed to determine whether the above constraints are satisfied or not. The main advantage of this statistic is that it does not require the model to be estimated under the null hypothesis as opposed to the LR test or the Lagrange multiplier test. This is definitely important because the restrictions under rank(M ) = 2, and especially under rank(M ) = 4, are highly nonlinear and too complex to implement. Evidently the main weakness of the Wald test is that it is not invariant to algebraically equivalent parameterizations of the null hypothesis. 20 We address this issue below in Section 4.2.
Tests based on distribution factors
Recall that Proposition 3 states that rank(Θ) ≤ S. The literature contains several statistical tests to determine the rank of a matrix [e.g., Gill and Lewbel (1992) , Cragg and Donald (1997) and Robin and Smith (2000) ]. 21 We 20 There exists an extensive literature on this issue, e.g., Gregory and Veall (1985) , Phillips and Park (1988) , and Agüero (2008) . 21 The test proposed by Gill and Lewbel (1992) is sensitive to the ordering of the variables in the matrix to be tested. In Cragg and Donald (1997) , the test statistic is obtained using a numerical optimisation procedure which is not necessarily precise with relatively large matrices. Finally, the test statistic proposed by Robin and Smith (2000) does not follow a standard distribution, making the test procedure difficult to implement. follow a procedure that was recently proposed by Kleibergen and Paap (2006) and that is based on the singular value decomposition.
The basic idea of their approach is to test how many singular values are significantly different from 0. Recall that the rank of a matrix is given by the number of its non-zero singular values. Let Θ be a k × m matrix of distribution factor effects that admits a singular values decomposition: Θ = U ΣV , where U is a k × k orthonormal matrix, V is a m × m orthonormal matrix, and Σ is a k × m matrix whose main diagonal contains the singular values of Θ. Under the null hypothesis that rank(Θ) = q, (q = 0, ..., k − 1), they construct a statistic based on an orthogonal transformation of the smallest (k − q) singular values and on the inverse of the corresponding covariance matrix. The limiting distribution of the test statistic is χ 2 (k−q)(k−q) . This allows to test the null against the alternative rank(Θ) > q.
This test procedure is particularly useful in our framework. It allows to easily test sequentially whether the rank of Θ is less or equal to S, as predicted by Proposition 3. One advantage of this test is that, contrary to the Wald test, it is invariant to arbitrary reparameterizations of the null hypothesis. Its main disadvantage is that it can not be used to test the rank of antisymmetric matrices such as M in Proposition 2.
Tests Based on Price Variations and Distribution Factors
Proposition 4 implies that Θ and the columns of M are collinear. When the restriction is binding, that is when rank(M )/2 =rank(θ) = H, the collinearity can be easily ascertained using the test procedure proposed by Kleibergen and Paap (2006) . Let Ξ stand for the vertical concatenation of M and Θ, i.e.,
Their test procedure can be applied to investigate the rank of Ξ since the matrix is not antisymmetric. Under the null assumption of collective rationality with H + 1 apparent decision-makers, it should equal to 2H since rank(M ) = 2H. Testing the rank of Ξ provides the opportunity to test the validity of the Wald statistics used to test Proposition 2. Indeed, under the null hypothesis of collinearity, the test statistics of Propositions 2 and 4 should be equivalent asymptotically. The validity of the Wald statistics will be in doubt should they differ significantly despite not rejecting collinearity. Table 3 reports the test results. The table is divided into three sections, each corresponding to Propositions 2, 3 and 4, respectively. Column (1) reports the test result for rank(M ) = 0, i.e. that the household behaves according to the unitary model. The column indicates that the assumption is strongly rejected for all five samples we have considered.
Tests Results
Columns (2) and (3) report the χ 2 statistics for rank(M ) = 2 and rank(M ) = 4, that is, collective rationality with two and three apparent decision-makers, respectively. Column (2) shows very interesting results. First, it appears that the collective model with two apparent decision-makers must be rejected when using the whole sample. The χ 2 statistic is equal to 62.6 and the associated p-value is approximately equal to .0002. The same conclusion prevails with the sample of children aged between 16 and 22. When the model is estimated with the sample of daughters, the test statistic falls slightly above the critical value. The p-value is equal to 0.049. The model is thus marginally rejected at the 5% level and relatively easily rejected at the 10% level. Interestingly, the collective model with two apparent decision-makers cannot be rejected when it is estimated with the samples of sons or of children aged 22 and older. Note that this does not mean that we reject that they are decision-maker, but instead, that we do not reject that they are not decision-makers. Recall that the number of apparent decisionmaker is equal or lower than the number of decision-makers. The possibility that children aged 22 and over are not decision-makers could be explained by the unwillingness of parents to negotiate with their children once they reach a certain age and would prefer that they leave the family nest. As was stressed earlier, this sample is the most likely to suffer from selection bias. Column (3) reports the test statistics based on the null assumption of collective rationality with three decisionmakers. Following our sequential approach, the test statistics are only reported for those household configurations for which the null assumption that there are two apparent decision-makers is rejected. Interestingly, in the three cases where this occurs, the null hypothesis cannot be rejected. We must thus conclude on the basis of the rank of M that the collective model with three decision-makers is supported for the complete sample, and in particular for sub-samples of daughters and children aged between 16 and 21. It is rather puzzling that daughters appear to exert influence on the decision process, while sons appear not to. Based on a bargaining approach, it could be argued that daughters' threat point is likely higher because they marry at a younger age. Furthermore, their spouse is usually older and on average has greater earnings.
The second section of the table focuses on Proposition 3 related to the impacts of distribution factors. Recall that under collective rationality the rank of Θ must be less or equal to the number of potential decision-makers minus one (= S). The χ 2 test statistics reported in columns (4)- (6) are all based upon the Kleibergen and Paap (2006) approach. According to the table, the null hypothesis that the rank of Θ is equal to zero is rejected in all cases at the 5% level of significance. As with Proposition 2, the unitary model is thus strongly rejected. Column (5) similarly rejects the null hypothesis that the rank of Θ is equal to one for all the samples. The data are thus incompatible with two apparent decision-makers under collective rationality. Column (6) indicates that when estimating the model with the whole sample, the null hypothesis that the rank of Θ is equal to two is rejected at the 5% level, implying a rejection of the collective model. This is perhaps due to an aggregation problem: the estimation of the model using the sample of sons also rejects the null hypothesis. For this group it could be that the distribution factors also reflect preference variables as we argued earlier [see Browning et al. (2006) ]. For instance, sons' relative income may not only affect their bargaining power but may also reflect their preferences for leisure.
For the remaining specifications, i.e. daughters, children 16-21, and children aged 22 and over, we cannot reject the null hypothesis of collective rationality with three decision-makers. For the latter group, the apparent inconsistency between tests results from SR(S) and distribution factors may partly be explained by the fact that changes in relative prices do not affect their bargaining power while changes in their relative income do (see our discussion in 2.4).
The last column of the table reports the test statistics based on the null hypothesis that there are three decisionmakers in the household and that the distribution factors are collinear with the price effects. 22 The test statistics is reported only for the samples that satisfy collective rationality with three decision-makers, i.e. daughters and children 16-21. According to the test result, it must be concluded that the consumption behaviour of these households can be rationalized by a collective model with three decision-makers. Finally, note that the test statistics reported in columns (7) and (3) are nearly identical. As mentioned above, this should arise under collective rationality if the distribution factors and the prices are collinear, and the Wald statistics of Proposition 2 is not too severely plagued with parameterization problems.
Conclusion
To the best of our knowledge, this paper is the first to test the assumption of Pareto efficiency in households comprising potentially more than two decision-makers and using data from a developed country. It is also the first to treat children as regular decision-makers.
We first present an overview of the tests that have recently been developed in the literature to test the collective rationality within multi-person households. These are based on the impact of prices and distribution factors on household demands. Intuitively, prices and distribution factors affect the demands indirectly through the so-called individual Pareto weights. The fact that there are only as many Pareto weights as there are potential decisionmakers imposes specific constraints on the rank of the compensated price and factor distributions effects.
The framework we use is general enough to analyse the consumption choices of a variety of household types including, but not limited to, couples living with grown-ups, adult children, elderly parents, etc. In the paper we focus on the consumption expenditures of households composed of two parents and a single child of at least 16 years of age. The sample is drawn from a series of U.K. Family Expenditure Surveys covering the period 22 The χ 2 statistics is computed on the basis of the Kleibergen and Paap (2006 ) approach. 1982 . We acknowledge that household composition may be partly determined by the relative bargaining power of its members. In particular, adult children may choose to live with their parents because they enjoy a enviable position. Plainly stated, our sample may be plagued by self-selection problems. We investigate this issue by stratifying our sample into two groups: (1) households in which the child is aged between 16 and 21; (2) households whose child is at least 22 years of age. We also stratify the sample by gender to investigate whether sons and daughters have similar bargaining power within the household. The empirical analysis yields a number of interesting results. First, it is found that households whose child is aged between 16 and 21 behave as tough there are three decision-makers. This result underlines the importance of recognizing the input of adolescent children into the family decision-making process. Daughters are similarly found to affect the consumption decisions, irrespective of their age. Other household configurations yield less clear-cut results. Thus the consumption pattern of households whose child is at least 22 years of age, while compatible with collective rationality, is only consistent with there being at least two apparent decision-makers. The evidence for sons is simply not conclusive. The tests based on the prices and distribution factors yield contradictory results. In fact collective rationality is rejected when tested on the distribution factors alone. However, as argued in the literature, distribution factors can only be hypothesized not to act also as preference variables.
All in all, our analysis underlines the fact that it may be incorrect to assume that there are no more than two decision-makers when a household comprises teenage or adult children. This assumption has never been tested rigourously before and is routinely made in virtually every empirical analysis of household consumption. Clearly, the assumed number of decision-makers is very important for intra-household welfare analysis and policy targeting. Acknowledging that children may influence the household decision-making process could prove important to the way we approach these issues. 17,280 † The first line reports the parameter estimates of the residuals from an auxiliary regression of total expenditures on a series of instrumental variables. The second line reports the χ 2 statistics of the validity of instruments and of the over-identification restrictions. 7,991 † The first line reports the parameter estimates of the residuals from an auxiliary regression of total expenditures on a series of instrumental variables. The second line reports the χ 2 statistics of the over-identification test of the instrumental variables. 11,039 † The first line reports the parameter estimates of the residuals from an auxiliary regression of total expenditures on a series of instrumental variables. The second line reports the χ 2 statistics of the over-identification test of the instrumental variables. 9,722 † The first line reports the parameter estimates of the residuals from an auxiliary regression of total expenditures on a series of instrumental variables. The second line reports the χ 2 statistics of the over-identification test of the instrumental variables.
